Changes in ventricular size and brain parenchyma were documented in 40 preterm neonates with intracranial hemorrhage (ICH), who were serially examined for 3 weeks or more. Sonography disclosed a close relation between the severity of the intracranial hemorrhage and the development of progressive ventricular dilatation. Eighty percent of preterm neonates with minor degrees of intracranial hemorrhage (localized subependymal hemorrhage or subependymal hemorrhage with small intraventricular hemorrhage [subependymal / intraventricular hemorrhage]) did not develop significant ventricular dilatation, whereas all of the neonates with intraventricular and / or intraparenchymal hemorrhage developed moderate or severe ventricular dilatation . Spontaneous resolution of moderate and / or severe ventricular dilatation occurred by the end of the third week in about one-third of neonates with intracranial hemorrhage. Progressive ventricular dilatation was documented in 10 of 15 neonates with major intraventricular and / or intraparenchymal hemorrhage. The therapeutic implications of the findings are discussed.
Serial Sonography of Posthemorrhagic Ventricular Dilatation and Porencephaly after Intracranial Hemorrhage in the Preterm Neonate
Changes in ventricular size and brain parenchyma were documented in 40 preterm neonates with intracranial hemorrhage (ICH), who were serially examined for 3 weeks or more. Sonography disclosed a close relation between the severity of the intracranial hemorrhage and the development of progressive ventricular dilatation. Eighty percent of preterm neonates with minor degrees of intracranial hemorrhage (localized subependymal hemorrhage or subependymal hemorrhage with small intraventricular hemorrhage [subependymal / intraventricular hemorrhage]) did not develop significant ventricular dilatation, whereas all of the neonates with intraventricular and / or intraparenchymal hemorrhage developed moderate or severe ventricular dilatation . Spontaneous resolution of moderate and / or severe ventricular dilatation occurred by the end of the third week in about one-third of neonates with intracranial hemorrhage. Progressive ventricular dilatation was documented in 10 of 15 neonates with major intraventricular and / or intraparenchymal hemorrhage. The therapeutic implications of the findings are discussed.
The diagnostic accuracy of mechanical-sector, real-time sonog raphy for the assessment of intrac ranial hemorrhage (ICH) in preterm neo nates has been established [1] [2] [3] . However, the inc id ence and timing of the development of sequelae of ICH by thi s method have not lJeen fully evaluated [4] . The purpose of this study was to doc ument th e c hron ologic sequence of c hanges in the ventricular system and brain parenc hym a afte r ICH in th e beli ef th at th e obse rvations might be useful in the therapeuti c management of affected neo nates.
Subjects and Methods
During a 2 year period, 136 preterm neonate s we re seri all y exa mined wit h porl able mechani ca l-sector real-time sonography. Onl y th ose neonates who we ighed less than 2,000 g or we re judged to be 34 wee k s or less by gesl ati onal age assessment were in c luded . Th ere were 106 in-born and 30 out-born neonates .
Thi s stud y had prior approval from the Comm iltee on Protecti on of Human Subjects of Vand erbilt University Medical Center. If Ihere we re no c linica l ind icati ons for serial c rani al sonog raphy, parental permi ssion was obtain ed before in c lu sion of th e patient in th e stud y .
Sonographic examinati o ns we re perform ed with a mec hani ca l-sector real-time device (Adva nced Technology Labs., Bell evue, WA) w ith a 5.0 MHz transd uce r th at was focused at 3 -7 em. Standard coro nal and sag iltal views we re obtain ed throug h the an teri or fontanell e; occasionall y, th e posterior fontanell e and temporal bone we re used as im ag in g ports .
Th e scanning protocol co nsisted o f three eq uall y spaced sonog raph ic examinati ons the first week of life, two during th e second week , and one d uring th e third and fourth week s. For exampl e, if a neonate were born on a Monday , sonog raphy was performed on Monday , Wednesd ay, and Fri day of th e first week ; Monday and Fri day of th e second ; and Wedn esdays of th e third and fourth weeks. More scans were obtained as c linically in d icated. To be in c luded for data analys is, th e neo nate had to be scann ed at least four tim es over a minimum of 3 wee k s. Sonog raphi c examinations were perform ed by two experi enced sonolog ists (A . C. F. and J . E. M .). The sonograms were later co ll ated and interpreted without clinical information by a staff sonolog ist (G . A. T.) and sonograph y fe ll ow (A . L. B .). Standards for interpretati on were set so as to have co nsistent data between th e interpreters. Specifically, the size of the lateral ventri c les was assessed in th eir greatest transverse width in the corona l plane at th e level of th e third ventric le [3] ( fig . 1 G) . Th e details and rational e for using this meth od of measurement of th e lateral ventricle have been reported by Sauerbrei et al. [3] . Am ong our patients, this meth od of measurement was found to be o f suffic ient co nsisten cy sin ce the hemisphere width of the neonates stud ied showed only minor variations (within 2 mm). The absolute size of the ventricles was determined by comparing the linear distance obtain ed with hand-held calipers to cent im eter gradations projected on the image ( fig . 1 B) . Altern ately, the linear distance was co mpared w ith cent i-. meter grid on a film of sim il ar magnification (field-of-vi ew) . Ventri cular dilatation was classified into mild (4-6 mm), moderate (7-10 mm), and severe (over 10 mm wide). Porencep haly was defined as fluid-filled spaces in areas of previous intraparenchymal hemorrhage (lPH).
Th e type of intrac ranial hemorrhage was described as follows :
subependymal hemorrh age (SEH)-h emorrhage loca lized to th e subependymal germinal matri x; SEH / intraventric ular hemorrhage (lVH)-SEH associated with a small or moderate amou nt of intraventricular hemorrhage; IVH-hemorrh age occupying over 50% of the ventricular lumen ; and IPH-hemorrhage within the parenchyma of th e brain . Thi s c lassification of ICH was used because of its applicability to th e sonographic features of the various types o f ICH (5). It does not in c lude th e presence, absence, or degree of associated ventricular dilatation included in th e CT classificati on of ICH proposed by Burstein et al. [6] .
Final grading was based on the most severe form o f intracrani al hemorrhage th at was documented in a particular neonate. Progressive ventricular dilatation was defined as progressive enlargement of the ventricl es beyond what is co nsidered mild ventri cular dilatation . Conversely, regression of ventricular dilatation was co nsid ered to be present wh en th e ventricles decreased from severe to moderate, moderate to mild, or mild to normal. Stable ve ntric ul ar dilatation was defin ed when th e ventric les remained dilated over a minimum of 2 weeks once mild dilatati on was present.
One hundred and thirty-si x neonates were serially examined with each neonate having an average of seven studies (range, four to 18) over an average of 36 .5 d ays (range, 20-97 days). Of th e 136 neonates serially examined, 40 (29 .4%) had evidence of ICH . We retrospectively analyzed 256 crani al sonograms from th ese 40 patients . Of these 40 neonates, eight underwent seri al ve ntricu lar aspirations.
The gestational age of the affected neonates averaged 29.8 weeks (range, 26-34 weeks). Birthweights of the neonates with ICH averaged 1,2 10 (range, 600-1,660).
Results
Although there was no statistically significant correlation between the presence of ICH and the gestational age and birth weight of the neonate, there was a general tendency for the more severe forms of ICH to occur in neon ates of lowest birth weight and gestational age. The types and course of intracranial hemorrhage are summarized in figs . 2A-2C) . Thus, progressive dilatation developed in 10 (66 %) of 15 neonates with the more severe form of ICH . Ten neo nates demonstrated progressive dilatation despite serial ventricular aspirations in five (table 1) . Table 2 summarizes data concerning the approximate time of each sequela after an ICH has occurred. Since the examinations were not performed daily, these numbers are only approximate. SEH tended to occur in the latter half of the first week of life, and mild dilatation typically occurred within the following week . Moderate ventricular dilatatio n was documented in patients with IVH during the second week, whereas severe dil atation occurred in the third week of life. Diminution in ventricular size after IVH typically occurred near the end of the second week after ICH. The development of IPH typicall y occurred during the first week of life, with porencephaly developing at the end of th e first month .
Discussion
The development of prog ressiv e ventricular dilatation and porencephaly depends on the extent and type of ICH. Specifically, most neonates with localized SEH did not develop significant ventricular dilatation on serial examin ation . On the other hand , neonates who had IPH and IVH typ ically progressed to severe ventric ul ar dilatation and porencephaly . Between these two extremes, th e development of moderate or severe ventricular dilatation most often occurred when extensive IVH was present.
The major emphasis of current th erapy for ventricular dilatation and porencephaly afte r ICH is ai med at minimizing the deleterious effect of compress ion and isc hem ia of brain parenchyma. Our study indicates that the chance of developing progressive ventricular dilatation after ICH is c learly related to the extent of ICH . Localized SEH / IVH tends to resolve, whereas exten sive IVH -and IPH are frequently associated with progressive ventricular dilatation. Once moderate or seve re ventricular dilatation has developed, it may spontaneously resolve over a period of 2 '12 -3 weeks in onethird of affected neonates. Of the other two-third s with IVH and moderate or severe ventricular di latation, half will remain unchanged, whereas half wi ll develop progressive ventricular dilatation. The probability that ventric ul ar dil ata-FLEISCHER ET AL. tion w ill reso lve spo ntaneo usly see ms to be related to th e extent of ICH, occ urrin g mo re freq uently in neo nates with SEH / IVH and less so in those with IVH or IPH . It is suggested th at the documentation of progressive ventric ular dil atation after 3 weeks is an indication for active medi cal and / or surgical therapy .
Our observati o ns on th e progression of ventricular dilatation ag ree with other series th at evaluated the course of ICH and its seq uelae [6] [7] [8] . Th e Emory study evaluated the natural hi story of ventricular dil atation by se ri al CT in 49 patients with ICH [7] . They found th at 22 % of th e survivors of ICH developed progressive ventricular dilatation. Ventricular dilatation resolved spo ntaneously in four of 12, and the likelihood of developing progressive ventricular dilatation was greater in th ose with extensive IVH. The John s Hopkins series reported that 11 of 12 neonates with grades III or IV ICH (CT class ifi cation ) [ 6] demonstrated a progressive increase in ve ntri c ul ar size [8] . Th eir follow-up period was 12-22 months. Ventri c ul ar dilatation resolved or remained stable in 11 of 15 affected neonates in the Hammersmith seri es, with four (26% ) of 15 spontan eously resolving [9] . Th ese figures correlate well with the five (33 % ) of 15 neonates with major IVH and / or IPH th at resolved spontaneously over our study period.
The timing of the development of porencephaly after an IPH found in o ur study (1 9-47 days) correlates well with the 10-56 days reported by Grant et al. [10] . Although th e experi ence with the effect of ventriculoperitoneal shunting on areas of porencephaly is limited, both the study of Grant et al. and our study indi cate a variable response of porencephalic areas to shunting procedures .
Th e exact mec hanism of production of brain damage in posthemorrhagic hydrocep halus is unclear, but it has been suggested that th ere is a crucial period of white-matter ede ma durin g which slow but irreversible brain damage occurs [11] . Even though the res ults of thi s study and others like it suggest that the extent of ICH may be helpful in th e prediction of the development of posth emorrh agi c hydroce ph alus, serial sonographic examination s are necessary to determine when to commen ce therapy.
Thi s study covered the first weeks of life, but it is hoped that data from studies such as this will be helpful in establishing the efficacy of certain treatm ent regimens such as serial lumbar punctures or extern al ventricular drainage in redu c ing the ill effects of progressive ventricular dilatation [12 , 13 ] . Only long-term studies will determine the influen ce of suc h therapy on the neurodevelopmental outcome of affected neonates .
